1.2 REQUIREMENTS AND TARGETS FOR THE LONG TERM EVOLUTION
Discussion of the key requirements for the new LTE system led to the creation of a formal ‘Study Item’ in 3GPP
with the specific aim of ‘evolving’ the 3GPP radio access technology to ensure competitiveness over a ten-year
time-frame. Under the auspices of this Study Item, the requirements for LTE Release 8 were refined and
crystallized, being finalized in June 2005.
They can be summarized as follows:
• reduced delays, in terms of both connection establishment and transmission latency;
• increased user data rates;
• increased cell-edge bit-rate, for uniformity of service provision;
• reduced cost per bit, implying improved spectral efficiency;
• greater flexibility of spectrum usage, in both new and pre-existing bands;
• simplified network architecture;
• seamless mobility, including between different radio-access technologies;
• reasonable power consumption for the mobile terminal.
It can also be noted that network operator requirements for next generation mobile systems were formulated by
the Next Generation Mobile Networks (NGMN) alliance of network operators [2], which served as an additional
reference for the development and assessment of the LTE design. Such operator-driven requirements have also
guided the development of LTE-Advanced (see Chapters 27 to 31).
To address these objectives, the LTE system design covers both the radio interface and the radio network
architecture.

1.2.1

System Performance Requirements

Improved system performance compared to existing systems is one of the main requirements from network
operators, to ensure the competitiveness of LTE and hence to arouse market interest. In this section, we highlight
the main performance metrics used in the definition of the LTE requirements and its performance assessment.
Table 1.1 summarizes the main performance requirements to which the first release of LTE was designed.
Many of the figures are given relative to the performance of the most advanced available version of UMTS, which
at the time of the definition of the LTE requirements was HSDPA/HSUPA Release 6 – referred to here as the
reference baseline. It can be seen that the target requirements for LTE represent a significant step from the capacity
and user experience offered by the third generation mobile communications systems which were being deployed
at the time when the first version of LTE was being developed.
As mentioned above, HSPA technologies are also continuing to be developed to offer higher spectral
efficiencies than were assumed for the reference baseline. However, LTE has been able to benefit from avoiding
the constraints of backward compatibility, enabling the inclusion of advanced MIMO schemes in the system design
from the beginning, and highly flexible spectrum usage built around new multiple access schemes.
Table 1.1: Summary of key performance requirement targets for LTE Release 8.

The requirements shown in Table 1.1 are discussed and explained in more detail below. Chapter 26 shows how
the overall performance of the LTE system meets these requirements.
1.2.1.1

Peak Rates and Peak Spectral Efficiency

For marketing purposes, the first parameter by which different radio access technologies are usually compared is
the peak per-user data rate which can be achieved. This peak data rate generally scales according to the amount of
spectrum used, and, for MIMO systems, according to the minimum of the number of transmit and receive antennas
(see Section 11.1).
The peak data rate can be defined as the maximum throughput per user assuming the whole bandwidth being
allocated to a single user with the highest modulation and coding scheme and the maximum number of antennas
supported. Typical radio interface overhead (control channels, pilot signals, guard intervals, etc.) is estimated and
taken into account for a given operating point. For TDD systems, the peak data rate is generally calculated for the
downlink and uplink periods separately. This makes it possible to obtain a single value independent of the
uplink/downlink ratio and a fair system comparison that is agnostic of the duplex mode. The maximum spectral
efficiency is then obtained simply by dividing the peak rate by the used spectrum allocation.
The target peak data rates for downlink and uplink in LTE Release 8 were set at 100 Mbps and 50 Mbps
respectively within a 20 MHz bandwidth, 1 corresponding to respective peak spectral efficiencies of 5 and 2.5
bps/Hz. The underlying assumption here is that the terminal has two receive antennas and one transmit antenna.
The number of antennas used at the base station is more easily upgradeable by the network operator, and the first
version of the LTE specifications was therefore designed to support downlink MIMO operation with up to four
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transmit and receive antennas. The MIMO techniques enabling high peak data rates are described in detail in
Chapter 11.
When comparing the capabilities of different radio communication technologies, great emphasis is often placed
on the peak data rate capabilities. While this is one indicator of how technologically advanced a system is and can
be obtained by simple calculations, it may not be a key differentiator in the usage scenarios for a mobile
communication system in practical deployment. Moreover, it is relatively easy to design a system that can provide
very high peak data rates for users close to the base station, where interference from other cells is low and
techniques such as MIMO can be used to their greatest extent. It is much more challenging to provide high data
rates with good coverage and mobility, but it is exactly these latter aspects which contribute most strongly to user
satisfaction.
In typical deployments, individual users are located at varying distances from the base stations, the propagation
conditions for radio signals to individual users are rarely ideal, and the available resources must be shared between
many users. Consequently, although the claimed peak data rates of a system are genuinely achievable in the right
conditions, it is rare for a single user to be able to experience the peak data rates for a sustained period, and the
envisaged applications do not usually require this level of performance.
A differentiator of the LTE system design compared to some other systems has been the recognition of these
‘typical deployment constraints’ from the beginning. During the design process, emphasis was therefore placed
not only on providing a competitive peak data rate for use when conditions allow, but also importantly on system
level performance, which was evaluated during several performance verification steps.
System-level evaluations are based on simulations of multicell configurations where data transmission from/to
a population of mobiles is considered in a typical deployment scenario. The sections below describe the main
metrics used as requirements for system level performance. In order to make these metrics meaningful, parameters
such as the deployment scenario, traffic models, channel models and system configuration need to be defined.
The key definitions used for the system evaluations of LTE Release 8 can be found in an input document from
network operators addressing the performance verification milestone in the LTE development process [5]. This
document takes into account deployment scenarios and channel models agreed during the LTE Study Item [6],
and is based on an evaluation methodology elaborated by NGMN operators in [7]. The reference deployment
scenarios which were given special consideration for the LTE performance evaluation covered macrocells with
base station separations of between 500 m and 1.7 km, as well as microcells using MIMO with base station
separations of 130 m. A range of mobile terminal speeds were studied, focusing particularly on the range 3–30
km/h, although higher mobile speeds were also considered important.
1.2.1.2

Cell Throughput and Spectral Efficiency

Performance at the cell level is an important criterion, as it relates directly to the number of cell sites that a network
operator requires, and hence to the capital cost of deploying the system. For LTE Release 8, it was chosen to assess
the cell level performance with full-queue traffic models (i.e. assuming that there is never a shortage of data to
transmit if a user is given the opportunity) and a relatively high system load, typically 10 users per cell.
The requirements at the cell level were defined in terms of the following metrics:
• Average cell throughput [bps/cell] and spectral efficiency [bps/Hz/cell];
• Aaverage user throughput [bps/user] and spectral efficiency [bps/Hz/user];
• Cell-edge user throughput [bps/user] and spectral efficiency [bps/Hz/user] (the metric used for this
assessment is the 5-percentile user throughput, obtained from the cumulative distribution function of the
user throughput).
For the UMTS Release 6 reference baseline, it was assumed that both the terminal and the base station use a
single transmit antenna and two receive antennas; for the terminal receiver the assumed performance corresponds
to a two-branch Rake receiver [4] with linear combining of the signals from the two antennas.
For the LTE system, the use of two transmit and receive antennas was assumed at the base station. At the
terminal, two receive antennas were assumed, but still only a single transmit antenna. The receiver for both
downlink and uplink is assumed to be a linear receiver with optimum combining of the signals from the antenna
branches [3].
The original requirements for the cell level metrics were only expressed as relative gains compared to the
Release 6 reference baseline. The absolute values provided in Table 1.1 are based on evaluations of the reference
system performance that can be found in [8] and [9] for downlink and uplink respectively.

1.2.1.3

Voice Capacity

Unlike full queue traffic (such as file download) which is typically delay-tolerant and does not require a guaranteed
bit-rate, real-time traffic such as Voice over IP (VoIP) has tight delay constraints. It is important to set system
capacity requirements for such services – a particular challenge in fully packet-based systems like LTE which rely
on adaptive scheduling.
The system capacity requirement is defined as the number of satisfied VoIP users, given a particular traffic
model and delay constraints. The details of the traffic model used for evaluating LTE can be found in [5]. Here, a
VoIP user is considered to be in outage (i.e. not satisfied) if more than 2% of the VoIP packets do not arrive
successfully at the radio receiver within 50 ms and are therefore discarded. This assumes an overall end-to-end
delay (from mobile terminal to mobile terminal) below 200 ms. The system capacity for VoIP can then be defined
as the number of users present per cell when more than 95% of the users are satisfied.
The NGMN group of network operators expressed a preference for the ability to support 60 satisfied VoIP
sessions per MHz – an increase of two to four times what can typically be achieved in the Release 6 reference
case.
1.2.1.4 Mobility and Cell Ranges
LTE is required to support communication with terminals moving at speeds of up to 350 km/h, or even up to 500
km/h depending on the frequency band. The primary scenario for operation at such high speeds is usage on highspeed trains – a scenario which is increasing in importance across the world as the number of high-speed rail lines
increases and train operators aim to offer an attractive working environment to their passengers. These
requirements mean that handover between cells has to be possible without interruption – in other words, with
imperceptible delay and packet loss for voice calls, and with reliable transmission for data services.
These targets are to be achieved by the LTE system in typical cells of radius up to 5 km, while operation should
continue to be possible for cell ranges of 100 km and more, to enable wide-area deployments.
1.2.1.5

Broadcast Mode Performance

The requirements for LTE included the integration of an efficient broadcast mode for high rate Multimedia
Broadcast/Multicast Services (MBMS) such as mobile TV, based on a Single Frequency Network mode of
operation as explained in detail in Chapter 13. The spectral efficiency requirement is given in terms of a carrier
dedicated to broadcast transmissions – i.e. not shared with unicast transmissions.
In broadcast systems, the system throughput is limited to what is achievable for the users in the worst
conditions. Consequently, the broadcast performance requirement was defined in terms of an achievable system
throughput (bps) and spectral efficiency (bps/Hz) assuming a coverage of 98% of the nominal coverage area of
the system. This means that only 2% of the locations in the nominal coverage area are in outage – where outage
for broadcast services is defined as experiencing a packet error rate higher than 1%. This broadcast spectral
efficiency requirement was set to 1 bps/Hz [10].
While the broadcast mode was not available in Release 8 due to higher prioritization of other service modes,
Release 9 incorporates a broadcast mode employing Single Frequency Network operation on a mixed unicastbroadcast carrier.
1.2.1.6

User Plane Latency

User plane latency is an important performance metric for real-time and interactive services. On the radio interface,
the minimum user plane latency can be calculated based on signalling analysis for the case of an unloaded system.
It is defined as the average time between the first transmission of a data packet and the reception of a physical
layer acknowledgement. The calculation should include typical HARQ 2 retransmission rates (e.g. 0–30%). This
definition therefore considers the capability of the system design, without being distorted by the scheduling delays
that would appear in the case of a loaded system. The round-trip latency is obtained simply by multiplying the
one-way user plane latency by a factor of two.
LTE is also required to be able to operate with an IP-layer one-way data-packet latency across the radio access
network as low as 5 ms in optimal conditions. However, it is recognized that the actual delay experienced in a
practical system will be dependent on system loading and radio propagation conditions. For example, HARQ plays
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a key role in maximizing spectral efficiency at the expense of increased delay while retransmissions take place,
whereas maximal spectral efficiency may not be essential in situations when minimum latency is required.
1.2.1.7

Control Plane Latency and Capacity

In addition to the user plane latency requirement, call setup delay was required to be significantly reduced
compared to previous cellular systems. This not only enables a good user experience but also affects the battery
life of terminals, since a system design which allows a fast transition from an idle state to an active state enables
terminals to spend more time in the low-power idle state.
Control plane latency is measured as the time required for performing the transitions between different LTE
states. LTE is based on only two main states, ‘RRC_IDLE’ and ‘RRC_CONNECTED’ (i.e. ‘active’) (see Section
3.1).
LTE is required to support transition from idle to active in less than 100 ms (excluding paging delay and NonAccess Stratum (NAS) signalling delay).
The LTE system capacity is dependent not only on the supportable throughput but also on the number of users
simultaneously located within a cell which can be supported by the control signalling. For the latter aspect, LTE
is required to support at least 200 activestate users per cell for spectrum allocations up to 5 MHz, and at least 400
users per cell for wider spectrum allocations; only a small subset of these users would be actively receiving or
transmitting data at any given time instant, depending, for example, on the availability of data to transmit and the
prevailing radio channel conditions. An even larger number of non-active users may also be present in each cell,
and therefore able to be paged or to start transmitting data with low latency.

1.2.2

Deployment Cost and Interoperability

Besides the system performance aspects, a number of other considerations are important for network operators.
These include reduced deployment cost, spectrum flexibility and enhanced interoperability with legacy systems –
essential requirements to enable deployment of LTE networks in a variety of scenarios and to facilitate migration
to LTE.
1.2.2.1

Spectrum Allocations and Duplex Modes

As demand for suitable radio spectrum for mobile communications increases, LTE is required to be able to operate
in a wide range of frequency bands and sizes of spectrum allocations in both uplink and downlink. LTE can use
spectrum allocations ranging from 1.4 to 20 MHz with a single carrier and addresses all frequency bands currently
identified for IMT systems by ITU-R [1] including those below 1 GHz.
This will include deploying LTE in spectrum currently occupied by older radio access technologies – a practice
often known as ‘spectrum refarming’.
New frequency bands are continually being introduced for LTE in a release-independent way, meaning that
any of the LTE Releases can be deployed in a new frequency band once the Radio-Frequency (RF) requirements
have been specified [11].
The ability to operate in both paired and unpaired spectrum is required, depending on spectrum availability (see
Chapter 23). LTE provides support for FDD, TDD and half-duplex FDD operation in a unified design, ensuring a
high degree of commonality which facilitates implementation of multimode terminals and allows worldwide
roaming.
Starting from Release 10, LTE also provides means for flexible spectrum use via aggregation of contiguous
and non-contiguous spectrum assets for high data rate services using a total bandwidth of up to 100 MHz (see
Chapter 28).
1.2.2.2

Inter-Working with Other Radio Access Technologies

Flexible interoperation with other radio access technologies is essential for service continuity, especially during
the migration phase in early deployments of LTE with partial coverage, where handover to legacy systems will
often occur.

LTE relies on an evolved packet core network which allows interoperation with various access technologies,
in particular earlier 3GPP technologies (GSM/EDGE and UTRAN3) as well as non-3GPP technologies (e.g. WiFi,
CDMA2000 and WiMAX).
However, service continuity and short interruption times can only be guaranteed if measurements of the signals
from other systems and fast handover mechanisms are integrated in the LTE radio access design. LTE therefore
supports tight inter-working with all legacy 3GPP technologies and some non-3GPP technologies such as
CDMA2000.
1.2.2.3

Terminal Complexity and Cost

A key consideration for competitive deployment of LTE is the availability of low-cost terminals with long battery
life, both in stand-by and during activity. Therefore, low terminal complexity has been taken into account where
relevant throughout the LTE system, as well as designing the system wherever possible to support low terminal
power consumption.
1.2.2.4

Network Architecture Requirements

LTE is required to allow a cost-effective deployment by an improved radio access network architecture design
including:
• Flat architecture consisting of just one type of node, the base station, known in LTE as the eNodeB (see
Chapter 2);
• Effective protocols for the support of packet-switched services (see Chapters 3 to 4);
• Open interfaces and support of multivendor equipment interoperability;
• efficient mechanisms for operation and maintenance, including self-optimization functionalities (see
Chapter 25);
• Support of easy deployment and configuration, for example for so-called home base stations (otherwise
known as femto-cells) (see Chapter 24).
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